P atients with lumbar disc herniation often present with radicular leg pain with or without neurologic deficits. In most cases, an appropriate course of conservative treatment should be given for at least 3 months before considering surgery. Pain medication, rest, and physiotherapy are effective nonoperative measures. Patients demonstrating cauda equina syndrome or profound and progressive weakness should be managed more aggressively. The surgical patient should have dermatomal pain distribution, a posi-tive tension sign or a focal neurologic deficit, and a correlating positive imaging study. The techniques of surgery should always include adequate decompression of symptomatic nerve roots while minimizing destabilization effects of laminectomy and facetectomy. This manuscript is a summary of recent significant published literature involving lumbar disc herniation.
NATURAL HISTORY
The most effective management strategy for patients who present with significant motor weakness and lumbar disc herniation is often a subject of debate. Lipetz et al. 1 reported the nonsurgical and rehabilitation outcomes of seven consecutive patients who presented with pronounced painless weakness arising from lumbar disc extrusion. All patients chose physiatric care and were followed clinically with strength return being closely monitored. Each patient presented with predominantly painless radiculopathy, functionally significant strength loss, and radiographic evidence of disc extrusion or sequestration. Each patient participated in a targeted strengthening program, and in some cases, transforaminal injection therapy was employed. Each patient demonstrated an eventual full functional recovery. Electrodiagnostic studies, in particular, the quantitative compound muscle action potential data seemed to correlate with the timing of motor recovery. Patients with predominantly painless and significant weakness arising from disc extrusion can demonstrate successful rehabilitation outcomes and recovery completely without surgical intervention. 1 Volumetric measurement of lumbar disc herniation is thought to decrease with longer-term follow-up. Masui et al. 2 reported the natural history of lumbar disc herniation observed by magnetic resonance imaging for a minimum 7 years in 21 patients. Patients were evaluated at the initial, 2-year, and final stage magnetic resonance imaging findings. The mean space-occupying ratio of herniation to the spinal canal showed a significant reduction on both the 2-year and final scans. Progression of degeneration of the intervertebral disc was seen in all patients at the final investigation. Comparing patients with and without symptoms, no factors were detected on the initial and 2-year MRI scans capable of distinguishing patients who were destined to develop lumbago or sciatica in the future. Clinical outcome did not depend on the size of the lumbar disc herniation or the grade of degeneration of the intervertebral disc in the minimum 7-year follow-up period ( Figure 1 , Table 1 ). 2 Few studies have addressed initiatives to reduce high rates of lumbar disc surgery by improving nonsurgical care offered to patients with sciatica and low back pain. Rasmussen 3 reported in a Danish study that the rate of lumbar disc surgery was reduced by 50% after implementation of nonsurgical spine clinics. The annual rate of lumbar disc operations decreased from approximately 80 per 100 000 to 40 per 100 000, and the rate of elective, first-time disc surgeries decreased by approximately twothirds. Surgery rates remained unchanged in the rest of Denmark. The reduction is most likely due to the improved education and care provided by the innovative spine clinics. 3
NONOPERATIVE MEASURES
Epidural corticosteroid injection is a low-risk alternative to surgical intervention in the treatment of lumbar disc herniation. In a recent article published in late 2004, but certainly worthy of inclusion in this review, Butterman 4 compared epidural corticosteroid injection with lumbar discectomy in a prospective, randomized study of patients with a large lumbar herniation of the lumbar nucleus pulposus (>25% of the cross-sectional area of the spinal canal). All patients were followed for at least a 3-year period. One hundred patients who had no improvement after a minimum of 6 weeks of noninvasive treatment were enrolled in a prospective, nonblinded study and were randomly 
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Fig. 1 Sagittal and axial T2-weighted images of L4-L5 disc herniation in a 46-year-old woman with lumbago. There was posterolaterally located disc herniation in the initial stage (a, d). A faint reduction was observed 2 years later (b, e). More reduction was observed in L4-L5 disc, and degenerative disc changes occurred in involved and closed discs 8 years later (c, f). Reproduced with permission [2].
assigned to receive either epidural corticosteroid injection or discectomy. Patients who had undergone discectomy had the most rapid decrease in symptoms, with 92% to 98% of the patients reporting that the treatment had been successful over the various follow-up periods. Only 42% to 56% of the 50 patients who had undergone epidural corticosteroid injection reported that the treatment had been effective. Those who did not obtain relief from the injection had subsequent discectomy, and their outcomes did not appear to have been adversely affected by the delay in surgery resulting from the epidural corticosteroid injection. The author concluded that epidural corticosteroid injection was not as effective as discectomy with regard to reducing symptoms and disability associated with a large herniation of the lumbar disc. Epidural corticosteroid injection did, however, have a role: it was found to be effective for up to 3 years in nearly one-half of the patients who had not had improvement with six or more weeks of noninvasive care. 4 Serotonin or 5-hydroxytryptamine (5-HT) is a chemical mediator associated with nucleus pulposus-induced radiculopathy. Inhibition of 5-HT receptors may potentially alleviate symptoms in patients with lumbar disc herniation. Forty patients with sciatica due to L4-L5 or L5-S1 disc herniation were randomly allocated to treatment with a 5-HT2A inhibitor (sarpogrelate 300 mg/day) or nonsteroidal antiinflammatory drug (NSAID) therapy for a 2-week period. After the 2-week regimen, no additional medical interventions were required in 50% of the 5-HT2A-treated patients and 15% of those receiving NSAIDs. During the year following initial treatment, epidural or nerve root block procedures were performed in 35% of the 5-HT2A group and 45% of the NSAID group. Surgery was required in 20% of the 5-HT2A group and 30% of the NSAID group. The study provided evidence that the efficacy of the 5-HT2A inhibitor was comparable with that of NSAID therapy for lumbar disc herniation. The 5-HT2A inhibitor has the potential to alleviate symptoms in patients with lumbar disc herniation. 5
SURGICAL APPROACH
The optimum approach for lumbar lateral disc herniations remains unclear. Ryang et al. 6 compared the lateral transmuscular surgical approach with the combined interlaminar/paraisthmic approach for lateral lumbar disc herniation in 48 patients. Twenty patients had a lateral approach and 28 had a combined approach by the same spinal surgeon. Both groups had similar clinical presentations. Excellent to
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Contemporary Spine Surgery Me  9  11  14  28  20 1  6  22  17  13  III  III  IV   2  60  M L4-L5  PL  11  9  14  24  20  19  14  13  0  II  II  IV   3  36  M L4-L5  Me  8  13  14  22  22  9  17  16  0  II  III II  III  V   11  57  F  L4-L5  PL  3  13  13  28  34  21  26  28  8  II  II  IV   12  58  F L5-S1  PL  11  9  11  23  22  27  21  19  29  II  II  IV   13  46  F  L4-L5  PL  12  11  13  24  24  15  24  20  9  II  II  IV   14  48  F L5-S1  Me  12  14  15  49  23  16  25  19  8  II  III  V   15  68  F  L4-L5  PL  12  13  15  37  32  25  27  21  16  II  II  III   16  24  F  L4-L5  PL  6  15  13  28  9  9  31  18  12  II  III  IV   17  45  M L5-S1  PL  8  12  12  44  36  27  55  26  21  III  IV  V   18  53  M L4-L5  Me  9  13  13  27  25  9  25  22  0  II  II  IV   19  48  F L5-S1  Me  12  8  11  29  19  0  22  17  5  III  III  V   20  56  F L5-S1  PL  10  13  15  38  22  18  33  15  5  I  III  V   21  53  F  L4-L5  Me  6  12  15  22  16  10  24  18  0  I  II  IV good results were achieved in 95% of the lateral approach group and in 57% of the combined approach group. The outcome was satisfactory to poor in 5% of the lateral approach group and 43% of the combined approach group. The percentage of sensorimotor deficit and of radicular pain improvement was higher in the lateral approach group. New low back pain was found exclusively in 21% of the combined approach group. Complications were 11% in the combined group and 5% in the lateral group. The lateral approach achieves a better overall result for lateral lumbar disc herniations. 6 Quaglietta et al. 7 reported on the paraspinal approach to far lateral disc herniations in 42 patients. The paramedian musclesplitting intertransverse approach allows direct visualization of the disc and root involved and does not involve bone resection. Ninetyone percent of the patients reported good or excellent results at average 33-month follow-up. Twelve patients (29%) developed postoperative radicular pain that disappeared within 3 weeks. There were no cases of spinal instability. The authors emphasize that the technique requires an adequate learning curve. 7 Nicoletti et al. 8 described smooth dissection of the ligamentum flavum for lumbar microdiscectomy in 45 patients. The technique allows the evacuation of the lumbar herniated disc, without removal or laminar disinsertion of the ligamentum flavum. The ligament is smoothly dissected longitudinally in its more lateral portion, obtaining, after discectomy, the contact of the two margins with restoration of its functional integrity. The authors suggest that this technique could offer advantages in reduction of epidural fibrosis and of decreased risk of dural injury, and is helpful to the surgeon in the case of recurrent disc herniation. 8
SURGICAL OUTCOMES
The use of physical therapy after lumbar discectomy surgery is controversial. Filiz et al. 9 performed a randomized controlled study to evaluate the effectiveness of an exercise program after lumbar disc herniation surgery. Sixty patients were randomly split into three groups. The first group received an intensive postoperative exercise program. The second group received a home exercise program, and the third group did nothing. The groups doing exercise experienced a decrease in the severity of pain and disability. Functional parameters showed better improvement with the exercise groups. The intensive exercise program patients had the best overall scores. The authors concluded that intensive exercise was more effective in the reduction of pain and disability, but whether it is cost effective is not clear. 9 Jansson et al. 10 investigated the preoperative and 1-year postoperative health-related quality of life outcomes using the Euroqol EQ-5D questionnaire in 263 patients who had undergone surgery for lumbar disc herniation. Preoperative and postoperative quality of life data, age, sex, smoking habits, pain and walking capacity were analyzed. The mean age of the patients was 42 years, 59% were men, and 26% were smokers. Preoperatively only 17% of the patients could walk at least 1 km compared with 76% who could do so postoperatively.
The mean EQ-5D score improved significantly in 74% of the patients but did not reach the level reported by an ageand sex-matched population sample. Predictors for poor outcome were smoking, a short preoperative walking distance, and a long history of back pain. 10 Sucu and Gelal 11 reported lumbar disc herniation with contralateral symptoms in five patients. The aim of the study was to determine if leg pain can be caused by contralateral lumbar disc herniation and if intervention from only the herniation side would suffice in these patients. This is the first reported series of such patients who were operated only from the herniation side without exploring or decompressing the symptomatic side. All patients had a broad-based posterior central-paracentral disc herniation with the apex deviated away from the side of the symptoms. The symptoms and signs resolved in the immediate postoperative period. The data demonstrate that sciatica can be caused by contralateral lumbar disc herniation and relieved by intervention only from the herniation side. It is possible that traction rather than direct compression is responsible for the contralateral symptoms. 11 Halldin et al. 12 measured the effects of lumbar discectomy on segmental motion over a period of 5 years in 24 patients. All patients were treated with standard L4-L5 or L5-S1 discectomy, and tantalum markers were inserted into L4, L5, and the sacrum. Radiostereometric analysis was performed at discharge from the hospital and at 5 years postoperatively. The treated level was compared with the untreated level. The relative rotation and translation in relation to the three cardinal axes were calculated as well as inducible displacements between the supine and standing positions. At the L4-L5 level, there were no differences in inducible displacements between the operative and control levels at discharge or at 5 years postoperatively. A decrease in inducible movement was found at the L5-S1 level at 5 years. The reason for decreasing mobility at L5-S1 and not L4-L5 is not known. Mechanical factors caused by the more vertical orientation of the L5-S1 disc in combination with degenerative changes could be one explanation. 12 Lumbar motion preservation appears to be an important factor with respect to postdiscectomy outcomes. Mannion et al. 13 performed a prospective study evaluating the subjective and objective measures of disability before and 2 months after lumbar decompression surgery for disc herniation. Thirty-three patients with disc herniation were compared with 43 normal controls with no history of back pain. Roland-Morris disability scores correlated significantly with lumbar range of motion. There was a highly significant relationship between change in self-rated disability scores and the change in lumbar pre-or postsurgery range of motion. The pivotal role of lumbar mobility in explaining disability emphasizes the importance of measuring lumbar range of motion in these patients. In the patient group examined, lumbar spinal mobility provides a valid, objective measure of function that shows differences from normal matched controls, that correlates well with self-rated disability,
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Contemporary Spine Surgery and the changes in which correlate extremely well with subjective changes in disability following surgery. 13 
RECURRENT LUMBAR DISC HERNIATION
Dai et al. 14 reported the outcomes of surgical treatment for recurrent lumbar disc herniation in 39 patients. The purpose of the study was to identify the factors that may influence outcome. The average time from prior discectomy to that of recurrence was 5 years. All patients had follow-up evaluations at 15 years after revision surgery. The average increase in Japanese Orthopaedic Association score was 72%. Twenty-nine patients (74%) returned to their previous work status with normal activity. Seven patients (17%) reported significant improvement, and only three patients (7%) required analgesic drugs. No factors such as age, sex, traumatic events, times of prior surgery, level of herniation, side of recurrence, pain-free interval, duration of recurrent symptoms, associated spinal stenosis, and dural tear were found to be of predictive value for prognosis of revision surgery for recurrent lumbar disc herniation. 14 Kara et al. 15 reported the functional results and risk factors for reoperation after lumbar disc surgery. Factors such as driving motor vehicles, sedentary occupations, vibration, smoking, previous full-term pregnancy, physical inactivity, increased body mass index, and tall stature are all associated with symptomatic disc herniations. Fitness and strength are postulated to protect an individual from disc rupture. The objective of the study was to determine the pain levels and differences of functional and economic situations of patients who had one or more operations for lumbar disc herniation. Risk factors that may have potential for reoperation were evaluated. Forty-six patients had one operation, and 34 patients had more than one operation. Logistic regression demonstrated that the lack of physical exercise was a significant predictor for reoperation. Sex, age, body mass index, occupation, or smoking did not indicate so much significance as regular exercise. 15 Niu et al. 16 reported the use of a single cylindrical threaded cage used in cases of recurrent disc herniation. Fourteen patients had recurrent lumbar disc herniation treated with a single cage on the affected side. Excellent or good clinical results were achieved in 13 patients using this procedure. Twelve patients achieved solid fusions and two had radiolucency along the cage endplate interface and were defined as nonunions. 16 Solberg et al. 17 reported on the risk of getting worse after lumbar microdiscectomy. In this prospective study of 180 patients with 1 year of follow-up, 4% got worse. Independent risk factors of deterioration were a long duration of sick leave and a better functional status and quality of life prior to operation. The authors conclude that the risk of deterioration is small, but larger if the patient has been unable to work despite relatively small health problems. 17 
